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MULT I BAND RAMAN AMPLIFIER 

The present invention relates to the field of fiber 
optic transmission and in particular to repeaterless 
transmission systems. It relates in particular to 
5 wavelength division multiplex (WDM) fiber optic 
transmission systems. 

BACKGROUND OF THE INVENTION 
Optical amplifiers, and in particular erbium-doped 
optical fiber amplifiers, are provided at regular 

10 intervals along one type of prior art system for 

transmitting signals in optical fibers. A solution of 
this kind is described in Bergano, "Long haul WDM 
transmission using optimum channel modulation : 
32 x 5 Gbit/s 9300 km demonstration", OFC'97 post 

15 deadline 16, for example. The transmission distances in 
a system of the above kind are limited by the signal-to- 
noise ratio and in particular by amplified spontaneous 
emission (ASE) generated in the amplifiers. 

The article by Morten Nissov et al , "100 Gb/s 

20 (10x10 Gb/s) WDM transmission over 7 200 km using 

distribution Raman amplification", OFC'97, post deadline 
paper, proposes the use in a transmission system of only 
distributed stimulated Raman scattering (SRS) 
amplification to amplify the signal at regular intervals. 

25 This solution improves the signal-to-noise ratio by about 
2 dB compared to a comparable solution using only 
discrete pumps. A description of the Raman effect is 
given in "Nonlinear Fiber Optics" by G.P. Agrawal , 
Academic Press, 1980. 

3 0 P.B. Hansen et al . , in "Unrepeated WDM Transmission 

Experiment with 8 Channels of 10 Gb/s over 352 km" , IEEE 
Photonics Technology Letters vol. 8, no. 8, August 1996, 
pages 1082-1084, describe a repeaterless transmission 
system with remote pumping of erbium-doped fiber sections 

3 5 of the transmission system at a distance from the 
transmitter and the receiver and pumped by sources 
respectively in the receiver and in the transmitter. 
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French Patent Application 98 16496 filed December 
28, 1998, whose title in translation is "Quasi- 
distributed amplification in a fiber optic transmission 
system", proposes a repeater for a fiber optic 
5 transmission system which includes a discrete amplifier, 
for example an erbium-doped fiber amplifier, with at 
least one pump for producing amplification in the line 
fiber by stimulated Raman scattering. 

One problem encountered with Raman amplification 

10 concerns the wavelength of the pumps employed. This 

problem arises in particular in Raman amplification of 
wavelength division multiplexed signals which extend over 
a wide range of wavelengths. This problem is mentioned 
by S.V. Chernikov et al . in "Broadband Raman amplifiers 

15 in the spectral range of 1480-1620 nm" , OFC'99m, WG6, 
pages 117-119. The solutions proposed in the above 
document are to cascade amplifiers having different pump 
wavelengths or to couple pumps at multiple wavelengths 
into a single amplifier. 

2 0 However, the above document does not describe any 

way of coupling pumps at multiple wavelengths into a 
single amplifier. 

OBJECTS AND SUMMARY OF THE INVENTION 
The invention proposes a simple and effective 
25 solution to the above problem which can be implemented 

using a limited number of standard optronic components to 
provide continuous and uninterrupted amplification in the 
wanted band . 

To be more precise, the invention proposes a system 
30 for injecting into a fiber signals from multiple sources 
at different wavelengths, the system comprising: 

- a first signal source, 

- a first circulator with a first input connected to 
the first source, 

3 5 - a second signal source, and 

- a second circulator with a first input connected 
to the second signal source via reflector means for 
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reflecting signals from the first source, a second input 
supplying the signals from the first and second signal 
sources, and a third input connected to a second input of 
the first circulator. 
5 One embodiment of the system further includes : 

- a third signal source, and 

- a third circulator with a first input connected to 
the third signal source via reflector means for 
reflecting signals from the first source and the second 

10 source, a second input supplying the signals from the 

first, second and third signal sources, and a third input 
connected to the second input of the second circulator. 
In this case the system can further include: 

- an nth signal source, and 

15 - an nth circulator with a first input connected to 

the nth signal source via reflector means for reflecting 
signals from sources of rank less than n, where n is an 
integer varying from 4 to M and M is the total number of 
sources injected, a second input supplying the signals 

2 0 from the signal sources of rank 1 to n, and a third input 
connected to the second input of the circulator of rank 
n-1 . 

Each of the signal sources advantageously comprises 
a pump . 

2 5 In one embodiment, the reflector means comprise 

Bragg gratings. 

The invention also proposes an amplifier comprising 
a system as defined above for injecting pump signals and 
an amplifier fiber connected to the second output of the 
30 highest rank circulator. 

The amplifier fiber is preferably a line fiber. 

In another embodiment the amplifier fiber is not a 
line fiber. 

Amplification is advantageously effected in the 

3 5 amplifier fiber by stimulated Raman scattering. 

The invention finally proposes a fiber optic 
transmission system comprising an amplifier as defined 
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above . 

BRIEF DESCRIPTION OF THE DRAWING 
Other features and advantages of the invention will 
become apparent on reading the following description of 
5 embodiments of the invention, which description is given 
by way of example only and with reference to the 
accompanying diagrammatic drawing, in which: 

- Figure 1 shows a first embodiment of an amplifier 
according to the invention, and 
10 - Figure 2 shows a second embodiment of an amplifier 

according to the invention. 

MORE DETAILED DESCRIPTION 
To couple a plurality of pumps into a fiber, the 
invention proposes to use cascaded circulators to inject 
15 each pump. A reflector between each pump and its 

circulator reflects the pumps already injected. The 
invention therefore provides a simple way of injecting 
pumps at different wavelengths into a fiber without the 
injection of any pump significantly attenuating the 
20 signals from preceding pumps. 

Figure 1 is a diagrammatic representation of a first 
embodiment of an amplifier of the invention. The Figure 

1 embodiment is applied to a repeaterless fiber optic 
transmission system. 

2 5 Figure 1 shows the transmitter TX 1, the line fiber 

2 and the receiver terminal 3. The receiver terminal 
includes a receiver 5. These components are known in the 
art and are not described in more detail as it is not 
necessary to understand their operation to understand the 

30 invention. Distributed preamplif ication by stimulated 
Raman scattering uses three contra -propagating pumps at 
1450 nm, 1500 nm and 1550 nm. The first pump 7 at 1500 
nm is injected into the line fiber via a first circulator 
8 adjacent the receiver 5 in the terminal 3. The 

35 circulator has three inputs, as is known in the art. The 
first input receives the signal from the pump. The 
second input receives the signals from the line fiber and 
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the third input is connected to the receiver. The pump 
signals arriving at the first input are therefore 
transmitted to the second input and therefore injected 
into the line fiber in a propagation direction opposite 
5 that of the signal. The signals from the line fiber 
reaching the circulator at its second input are 
transmitted to the third input and to the receiver. No 
signal from the receiver reaches the third input of the 
circulator . 

10 The second pump 10 at 1450 nm is injected into the 

line fiber via a second circulator 11 adjacent the first 
circulator. A reflector 12, for example a Bragg grating, 
between the second circulator and the second pump 
reflects the signals from the first pump. The second 

15 circulator is also a three-input circulator. The first 
input receives the signal from the second pump. The 
second input receives the signals from the line fiber and 
the third input is connected to the second input of the 
first circulator. The signals from the second pump 

20 reaching the first input are therefore transmitted to the 
second input and are therefore injected into the line 
fiber in a propagation direction opposite that of the 
signal. The signals from the line fiber reaching the 
circulator at its second input are transmitted to the 

25 third input and to the receiver via the first circulator. 
The signal from the first pump coming from the first 
circulator enters the second circulator at its third 
input. It is transmitted to the first input, reflected 
by the reflector and enters the circulator again at its 

30 first input. It is finally transmitted to the second 

input of the second circulator and therefore to the line 
fiber. The signals from the first and second pumps are 
therefore found in the line fiber upstream of the second 
circulator . 

35 The third pump 14 at 1400 nm is injected in a 

similar fashion into the line fiber via a third 
circulator 15 adjacent the second circulator. Two 
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reflectors 16 and 17, for example Bragg gratings, between 
the third circulator and the third pump reflect the 
signals from the first and second pumps. The third 
circulator is also a three-input circulator. The first 
5 input receives the signal from the third pump. The 

second input receives the signals from the line fiber and 
the third input is connected to the second input of the 
second circulator. The signals from the third pump 
reaching the first input are therefore transmitted to the 

10 second input and are therefore injected into the line 
fiber in a propagation direction opposite that of the 
signal. The signals from the line fiber reaching the 
circulator at its second input are transmitted to the 
third input and to the receiver via the first circulator 

15 and the second circulator. The signals from the first 

and second pumps coming from the second circulator enter 
the third circulator at its third input. They are 
transmitted to the first input, reflected by the two 
reflectors and enter the third circulator again at the 

2 0 first input. They are finally transmitted to the second 

input of the third circulator and therefore to the line 
fiber. The signals from the first, second and third 
pumps are therefore found in the line fiber upstream of 
the third circulator. 
25 In accordance with the invention, all of the signals 

from the three pumps propagating in the direction 
indicated by the arrow in the figure, i.e. in a direction 
opposite the direction of propagation of the signals, are 
present in the line fiber upstream of the terminal 3. It 

3 0 is clear from how the Figure 1 system operates that 

injecting signals from the second and third pumps into 
the line fiber via the second and third circulators does 
not in any way attenuate the signals from the preceding 
pumps. The invention provides a multiband pump signal 
3 5 which enables pumping over a wide range of wavelengths 

free of the insertion losses of the various pumps. Thus 
preamplif ication by the Raman effect is obtained in the 
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line fiber upstream of the terminal 3 . 

The signals reaching the receiver pass successively 
through the third, second and first circulators before 
reaching the receiver. Losses are minimal because the 
5 circulators are highly efficient. Circulator insertion 
losses are typically less than approximately 1 dB. 

The embodiment shown in Figure 1 can use pumps of 
any kind, for example semiconductor pumps. Bragg 
gratings can be used as the reflectors, and have the 
10 advantage of being transparent to the signals coming 

directly from the pumps. Other reflectors can be used 
instead . 

Figure 2 is a diagrammatic representation of a 
second embodiment of an amplifier according to the 

15 invention. In the Figure 2 embodiment, the amplifier 20 
is a discrete amplifier. As in the Figure 1 system, this 
system includes the first pump 7, the first circulator 8, 
the second pump 10, the second circulator 11, the 
reflector 12, the third pump 14, the third circulator 15 

20 and the two reflectors 16 and 17. These components are 

disposed and operate in the same way as the corresponding 
components from Figure 1 and are not described again. 

An amplifier fiber 21 is connected to the second 
output of the third circulator. A low effective area 

25 fiber can be used, for example, to improve the efficiency 
of Raman amplification. At the other end of the fiber 21 
is an isolator 23 which prevents subsequent propagation 
of the pump signals to the line fiber. The isolator also 
prevents oscillation caused by the gain of the discrete 

3 0 amplifier and reflections externally of the amplifier. 

The input of the isolator constitutes the input of the 
amplifier 20. Other filters or other components 
unrelated to the invention can of course be provided. 

On the output side of the amplifier, the line fiber 

35 25 is connected to the third input of the first 
circulator . 

The Figure 2 system therefore constitutes a discrete 



amplifier employing stimulated Raman scattering and 
amplifies over a wide band. As in the Figure 1 system, 
the Figure 2 system enables several pumps to be injected 
into the amplifier fiber without the injection of the new 
5 pumps significantly attenuating pump signals already 
inj ected . 

Of course, the present invention is not limited to 
the examples and embodiments described and shown and is 
open to many variants that will be evident to the skilled 

10 person. Thus it is clear that the invention is not 

limited to injecting three pumps and could be used to 
inject two pumps or four pumps or more. In this case, to 
inject M pumps, the invention proposes to use, in 
addition to the components already described with 

15 reference to Figures 1 and 2, an nth circulator for the 

nth pump with a first input connected to the nth pump via 
means for reflecting signals from pumps of rank less than 
n, a third input connected to the second input of the 
(n-l)th circulator and a second input supplying the 

20 signals coming from the pumps of rank 1 to n. If M is 
the total number of pumps injected, n is an integer 
varying from 4 to M. 

In the embodiments shown in the figures, the 
invention is applied to injecting pumps for amplification 

25 by stimulated Raman scattering. The invention could have 
other applications, where it is required to inject a 
plurality of signals in different bands into a fiber 
without the injection of new signals attenuating signals 
previously injected. From this point of view, the pumps 

30 are merely sources of particular signals. 

The embodiments shown in the figures refer to 
sources of signals at different wavelengths. The Bragg 
gratings used as reflector means in the examples reflect 
the signals from the preceding pumps but would also 

35 reflect the signals from the adjacent pump if they had 
the same wavelength as the preceding pumps. If other 
semiref lecting means were used, the same wavelength could 
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be injected from multiple sources. 



10 



CLAIMS 

1. A system for injecting into a fiber signals from 
multiple sources at different wavelengths, the system 
comprising : 
5 - a first signal source, 

- a first circulator with a first input connected to 
the first source, 

- a second signal source, and 

- a second circulator with a first input connected 
10 to the second signal source via reflector means for 

reflecting signals from the first source, a second input 
supplying the signals from the first and second signal 
sources, and a third input connected to a second input of 
the first circulator. 

15 2. A system according to claim 1, further including: 

- a third signal source, and 

- a third circulator with a first input connected to 
the third signal source via reflector means for 
reflecting signals from the first source and the second 

20 source, a second input supplying the signals from the 

first, second and third signal sources, and a third input 
connected to the second input of the second circulator. 

3. A system according to claim 2, further including: 

- an nth signal source, 

25 - an nth circulator with a first input connected to 

the nth signal source via reflector means for reflecting 
signals from sources of rank less than n, where n is an 
integer varying from 4 to M and M is the total number of 
sources injected, a second input supplying the signals 

3 0 from the signal sources of rank 1 to n, and a third input 
connected to the second input of the circulator of rank 
n-1 

4. The system claimed in claim 1, wherein each of the 
signal sources comprises a pump. 
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5. The system claimed in claim 1, wherein the reflector 
means comprise Bragg gratings. 

6. An amplifier comprising a system according to claim 
1 for injecting pump signals and an amplifier fiber 

5 connected to the second output of the highest rank 
circulator. 

7. An amplifier according to claim 6, wherein the 
amplifier fiber is a line fiber. 

8. An amplifier according to claim 6, wherein the 
10 amplifier fiber is not a line fiber. 

9. An amplifier according to claim 6, wherein 
amplification is effected in the amplifier fiber by 
stimulated Raman scattering. 

10. A fiber optic transmission system comprising an 
15 amplifier according to claim 6. 
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The invention relates to a system for injecting into 
a fiber signals from multiple sources at different 
5 wavelengths. The signals from each source are injected 
into the fiber by a circulator. The circulators of the 
various sources are cascaded. Reflector means for 
reflecting signals from sources previously injected are 
provided between each source and its circulator. The 

10 invention is used to inject signals from multiple sources 
without the injection of signals from one source 
attenuating signals from sources previously injected. It 
applies in particular to Raman amplification, for which 
purpose it provides a multiband source without 

15 attenuation between bands. Multiband amplifications is 
achieved without loss of gain between bands. 
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